A technique for determining the characteristics of impulses from implanted cardiac pacemakers with external methods is reviewed, and its value in detecting pacemaker failures is discussed. The resultsfrom a 2-year application with 6ii controls in clinical routine are presented. Sixteen out of b*42 defective pacemakers could be detected before symptoms or electrocardiographic signs of pacing failure developed. The reliability and specificity of the procedure justify its application in clinical routine.
Patients with cardiac pacemakers need regular check-ups for the control of the pacemaker .unit. Clinical tools of importance are a careful history, electrocardiograms, and equipment for the external measurement of characteristics of the pacing impulse. The impulse from an ' implanted pacemaker generator can be visualized in a voltage-time plot and photographed with a polaroid camera, yielding an impulsogram. From this, the amplitude, i.e. voltage, time duration, and slope of the purve can readily be evaluated.
For accurately working pacemaker genera--4tors it is important to assess the expected lifetime of the mercury cells as safely as possible at each control. Accurate assessment would minimize the risk for the patient from a ""failing pacemaker function, and reduce the number of operations and thus patient dis--Zomfort. Furthermore, costs for pacing equip_ment and nursing will be reduced.
For failing pacemakers it is often possible to localize the fault through external measurements -whether it is due to electronic failure, battery exhaustion, or a disconnected or damaged electrode. Synchronized generators will decrease the amplitude and shorten the duration of the impulse with increasing frequency (Fig. 3) . Synchronous pacemaker generators are therefore checked at about the same impulse rate from time to time in order to get comparable data.
The amplitude varies with respiration and especially during deep breaths; the difference may be considerable (Fig. 4) . In normal breathing differences are small and can usually be neglected. These variations are estimated at every control since the oscilloscope display is observed during several respiratory cycles.
Indications for generator exchange
Indications for exchange of the generator have been a history of possible pacemaker failure, an alteration in the electrocardiogram or the impulse characteristics, and are listed below.
(I) A case history indicating pacemaker failure includes either syncopal (Adams-Stokes) attacks, or careful description of undue arrhythmia, or accurate observations of palpated arterial pulse rate changes not otherwise explained (as for example by competition).
(2) Electrocardiographic verification of pacing impulses failing to stimulate the heart when occurring in a non-refractory phase.
(3) Failing trigger mechanisms in synchronized generators (pacing). (4) 
Results
The indications for premature explantation of the pacemaker generators in the 43 patients are shown in the Table. Twenty-two patients (5I%) had a definite history of arrhythmic syncope or had noticed a change in heart rate and they also had electrocardiographic findings indicating failing pacemakers. Four of the 43 patients had electrocardiographic changes suggesting generator failure without any symptoms. One of these had sinus rhythm and no signs of pacemaker activity and the other 3 had changes in heart rate exceeding 2 beats a minute. All 26 patients also showed an alteration in the impulse characteristics.
Seventeen patients had oscilloscope-verified impulse changes indicative of generator defects without a positive history or any abnormal electrocardiographic signs. Five of these had a decrease in the peak amplitude of more than 30 per cent, one had an increase of the duration exceeding 0-2 msec., and I0 patients had both a decrease of peak amplitude and an increase of impulse duration indicating a pacemaker defect. At later controls the generators which had been removed proved to be defective in different ways in all Fig. 7 shows signs of an extremely low resistance between the 2 electrodes. The cause of this was a short circuit between the stimulating and indifferent electrode caused by an insulation defect on the wire of the stimulating electrode, where it passed close to the indifferent electrode plate. Discussion A patient with atrioventricular conduction disturbances treated with an artificial cardiac pacemaker is depending on perfect function in the pacemaker system, not only in order to maintain an adequate cardiac output but also for his mental well-being. He will never have confidence in a pacemaker system if he suffers alarming symptoms before the exchange of the old pacemaker generator. To avoid this, a routine needs to be established for the control of these patients giving as exact data as possible concerning actual and 2-to 3-month future functioning of the generators (Gerst et al., i967 The method described for the control of implanted pacemaker generators justifies a longer use of them than is routine today. In Stockholm, pacemakers have hitherto been exchanged routinely after one and a half years. This is much less than the theoretical life span of the generators, calculated to be 4-5 years (Lagergren, i966) . The controls should be more frequent during the last period of the estimated lifetime of the mercury cells.
The prolonged use of the generators not only decreases the cost for the impulse generators, but also reduces the need for hospital care of the patients. Above all, the oscilloscope tests make the patients more confident in their pacemaker equipment and spare them unnecessary operations. 
